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A sensitive, precise and accurate method was developed to screen and quantify triterpenoids based on
ultra-performance liquid chromatography–photodiode array–quadrupole time-of-ﬂight mass spectrom-
etry (UPLC–PDA–QTOF–MS). An exact neutral loss scan of 62.0004 Da (CH2O3) was used to selectively
detect triterpenoids in Poria cocos, followed by a survey scan for exact masses of precursor and fragment
ions of these triterpenoids. The developed method was applied to quantify seven major triterpenoids in
40 P. cocos samples of different origins within 18 min, and a total of 31 triterpenoids were unequivocally
or tentatively identiﬁed. Principal component analysis of these samples showed a clear separation of
three groups, and ten triterpenoids play key roles in differentiating these samples were obtained from
the OPLS-DA variable inﬂuence on projection (VIP) plot and then unequivocally or tentatively identiﬁed.
The developed method can be applied for rapid bitterness evaluation, quality control and authenticity
establishment of P. cocos.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Mushrooms have long been used as oriental medicine, as well
as dietary supplements and natural cosmetics (Kaneno et al.,
2004). Poria (Indian Buead), called ‘‘Fuling’’ in Chinese and
‘‘Hoelen’’ in Japanese, is the dried sclerotium of the fungus Poria co-
cos (Schw.) Wolf (Fam. Polyporaceae) that grows around the roots
of old, dead pine trees. It is a well-known traditional Chinese med-
icine to treat diabetes, dysentery, chronic fatigue syndrome, diar-
rhea, dizziness, edema, insomnia, kidney problems, nervousness,
urination problems, and weakness (Chinese Pharmacopoeia
Commission., 2005). Apart from being herbal medicine, P. cocos
has also been used to make food supplements, Chinese cuisines like
soups, dishes, tea as well as healthy snacks and desserts such as bis-
cuits, cakes and bread for its health promotion beneﬁts in China and
the other countries of East Asia (Chen, 1985; Dang & Xiao, 2002). As
a food ingredient, the chemical composition and ﬂavor components
of P. cocos may correlate with product acceptability.
The main chemical constituents of P. cocos are polysaccharides,
triterpenoids, egosterol and proteins (Tai, Akahori, & Shingu, 1992;Tai, Shingu, Kikuchi, Tezuka, & Akahori, 1995a; Tai, Shingu,
Kikuchi, Tezuka, & Akahori, 1995b; Wang & Wan, 1998; Yang &
Bao, 2005), in which triterpenoids are found to possess interesting
pharmacological actions such as cytotoxic and anti-oxidant (Zhou
et al., 2008), anti-cancer (Gapter, Wang, Glinski, & Ng, 2005),
anti-inﬂammatory (Yasukawa et al., 1998), inhibition of free radi-
cal-induced lysis of red blood cells (Sekiya, Goto, Shimada, & Teras-
awa, 1998) and inhibition of calf DNA polymerase a and rat DNA
polymerase b (Akihisa et al., 2004; Kaminaga et al., 1996). Up to
now, more than 80 triterpenoid compounds were isolated and
identiﬁed from P. cocos with the above-mentioned bioactivities.
Most of these triperpenoids can be classiﬁed into lanostan triter-
penes and 3,4-seco-lanostan triterpenes. In addition to bioactivi-
ties, some triterpenoids such as lanostan triterpenes in
mushrooms were reported to be the bitter tasting phytochemical
(Clericuzio, Mella, Vita-Finzi, Zema, & Vidari, 2004; Kubota, Asaka,
Miura, & Mori, 1982). According to Shiao et al., oxygenated triter-
penes in the fruiting body of Ganoderma lucidum Karst (Fam. Poly-
poraceae) (belonging to the same family of P. cocos) were reported
to have bitter taste (Shiao, Lee, Lin, & Wang, 1994).
It is worthwhile to characterize the chemical composition of P.
cocos owing to its widespread use in China and other East Asia
countries. Triterpenoids, which show pronounced medicinal ef-
fects, might also present and dominate the taste of P. cocos. Knowl-
edge of triterpenoid proﬁle in P. cocos is important with regard to
nutritional functions, favor, quality control, and authenticity
Fig. 1. The chemical structures of the seven standard triterpenoids.
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which can detect known or unknown triterpenoids in P. cocos,
are highly desirable. The development of chromatographic meth-
ods and spectroscopic techniques for the identiﬁcation and quality
control of P. cocos has been an ongoing area for a long time. Zhou,
Zhang, Lin, and Xu (1994) established a ﬁngerprint method for the
identiﬁcation and quality control of P. cocos by LC with PDA detec-
tion. Yu, Guo, Zhao, and Zhang (2004) identiﬁed 15 triterpenes in P.
cocos samples by HPLC-DAD-ESI-MS. Yi, Zheng, Xu, and Fu (2005)
reported a simple method to determine the total triterpenes of P.
cocos by spectrophotometry. Han, Luo, Lu, and Kong (2009) devel-
oped an HPLC-DAD-ESI-MSn method and successfully applied it in
the identiﬁcation of 21 triterpenes in P. cocos samples. Unfortu-
nately, these methods are typically time consuming and fail to de-
tect non-targeted components from crude extracts. Triple
quadrupole analyzers allow the use of a variety of scan modes such
as neutral-loss scan, precursor-ion scan and product-ion scan.
These scans have been successfully applied for the detection of
many classes of compounds in biological samples such as glyco-
sides (Qu, Liang, Luo, & Wang, 2004), vitamin (Nagy, Courtet-Com-
pondu, Holst, & Kussmann, 2007) and anabolic steroids (Pozo,
Deventer, Van Eenoo, & Delbeke, 2008). Compared to triple quad-
rupole mass spectrometers, Q-TOF type instruments have better
sensitivity and MS accuracy when performing exact mass neu-
tral-loss scan together with MS and MS/MS spectra. Furthermore,
since molecules belonging to a particular class can be conﬁrmed
by the presences of diagnostic fragments and/or neutral losses in
MS/MS experiments. The candidates can be further reduced and fo-
cused if exact m/z values, rather than nominal values, are speciﬁed
to characteristic fragments and/or neutral loss of a certain class of
chemicals.
In this study, we developed a simple, rapid and sensitive UPLC–
PDA–QTOF–MS method based on exact mass neutral loss scan that
is able to simultaneously analyze known and unknown triterpe-
noids in P. cocos in a short time (within 18 min). Forty batches of
P. cocos samples were analyzed by the established method. Simul-
taneous identiﬁcation and quantiﬁcation of seven main triterpe-
noids in P. cocos were performed and a total of 31 triterpenoids
were unequivocally or tentatively identiﬁed. Furthermore, an over-
view evaluation of the relationship between P. cocos samples and
their origins was performed by principal component analysis
(PCA) and the triterpenoids that play key roles in differentiating
of P. cocos of different origins were also identiﬁed. This study pro-
vided a convenient approach that can be used in rapid bitterness
evaluation, quality control and authenticity establishment of P.
cocos.2. Experimental
2.1. Chemicals and reagents
Acetone (AR grade) was purchased from Merck (Darmstadt,
Germany), methanol and acetonitrile (HPLC-MS grade) was pur-
chased from Fishier Scientiﬁc UK Ltd. (Loughborough, UK). Pure
water was prepared from a Milli-Q SP Regent Water system (Milli-
pore, Bedford, MA, USA). Leucine-enkephalin and formic acid
(spectroscopy grade) was obtained from Sigma to Aldrich (St.
Louis, MO, USA).
Seven reference compounds, namely dehydrotumulosic acid (1),
tumulosic acid (2), polyporenic acid C (3), 3-epi-dehydrotumulosic
acid (4), dehydropachymic acid (5), pachymic acid (6) and dehy-
drotrametenolic acid (7) (Fig. 1) were isolated in our laboratory
and were identiﬁed based on UV, NMR and MS spectroscopy anal-
yses. The purity of these compounds was determined to be more
than 98% by UPLC-MS analysis.2.2. Sample preparation
Forty batches of P. cocos samples were collected from eight
provinces including Yunnan, Sichuan, Anhui, Hubei, Hunan, Henan,
Guangdong and Guangxi in China (Table 2). All voucher specimens
(CMED 0019-010019-40) were deposited in Chengdu Institute of
Biology, Chinese Academy of Sciences. The P. cocos samples were
piled up on the ground and air-dried. The process was repeated
for several times until wrinkles appear and excess water content
was evaporated, and then continue to dry in the shade. Each dried
sample was ground into ﬁne powder using a pulverizer and 0.5 g of
the powder was accurately weighed in a 45 mL falcon, soaked with
20 mL acetone for 30 min, and then extracted by ultra-sonication
for 1 h at 30 C. The mixture was then centrifuged at 4000 rpm at
10 C for 5 min and the supernatant was collected. Further extrac-
tion was repeated twice by adding 20 mL of fresh acetone into the
residue. The supernatant of the 3 extractions was combined and
dried in the rotary evaporator at 160 rpm at 45 C. Methanol
(5 mL) was added to the dried extract and was ﬁltered through a
syringe ﬁlter (0.22 lm) before injecting into the UPLC. For each
sample, 5 duplicates were prepared for principle component anal-
ysis (PCA), total 200 samples were prepared.2.3. Chromatography
Chromatographic analyses were performed using a Waters
Acquity UPLC system coupled with a PDA detector (Waters, Mil-
ford, MA, USA), and separations were achieved using an Acquity
UPLC HSS T3 column (2.1  100 mm I.D., 1.7 lm, Waters, Milford,
MA, USA). Upon the qualitative analysis, the PDA detector were
set at 210 nm for triterpenoids 2 and 6 and 242 nm for triterpe-
noids 1, 3, 4, 5 and 7. UPLC eluting conditions were optimized as
follows: mobile phase containing A (0.1% formic acid and 10%
methanol in pure water) and B (acetonitrile containing 0.1% formic
acid), linear gradient 50–55% B for 0–4 min, 55–58% B for 4–9 min,
58–68% B for 9–10 min, 68–80% B for 10–15 min, 80–85% B for 15–
17 min, 85–50% B for 17–18 min and then 50% B held for 1 min.
The ﬂow rate was constant 0.5 mL/min and the column and
autosampler were maintained at 35 C and 10 C, respectively.
The inject volume was 2 lL.
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Mass spectrometry analysis was carried out using aWaters Syn-
apt G2 (Waters, Manchester, UK) equipped with an electrospray
ionization source (ESI) in negative mode with scan range of m/z
100–1000. Nitrogen was used as nebulization and desolvation
gas and argon was employed as the collision gas. The desolvation
gas ﬂow rate was set to 500 L/h at temperature of 350 C. The
source temperature was held at 100 C. The capillary voltage and
cone voltage were set to 2900 V and 35 V, respectively. The molec-
ular masses of the precursor ion and the product ions were accu-
rately determined with reference compound Leucine-enkephalin
(m/z 554.2615) in the LockSpray mode at a concentration of
50 pg/lL at an infusion ﬂow rate of 10 lL/min. A dwell time of
0.2 s was employed with an inter-acquisition delay of 0.01 s.
In the exact mass neutral-loss scan mode, during UPLC gradient,
the mass spectrometer switched back and forth continuously be-
tween MS and MS/MS survey conditions with low and high colli-
sion energies until certain criteria, indicating the presence of a
given exact mass neutral-loss, were met. The mass spectrometer,
when operating in the survey MS mode (quadrupole in non-resolv-
ing mode), alternates between: (a) the low (collision) energy mode
(for which the cone voltage is 45 V and gas cell collision energy
voltage is set to 5 V), and (b) the high (collision) energy mode
(for which the cone voltage is ramped from 45 V to 100 V and
the gas cell collision energy voltage is set to 30 V). On detection
of a candidate precursor ion the mass spectrometer switches to
the MS/MS mode (quadrupole in non-resolving mode, the cone
voltage ramped from 45 V to 100 V, and the gas cell collision en-
ergy voltage is 30 V).2.5. Method validation
2.5.1. Calibration curves, limit of detection and quantiﬁcation
Stock solutions of the seven reference compounds were pre-
pared and diluted to appropriate concentrations for the construc-
tion of calibration curves. The calibration curves were
constructed based on linear regression analysis of the integrated
UV peak areas versus concentrations (lg/mL) of the seven stan-
dards at seven different concentrations. The stock solutions were
further diluted to a series of concentrations for the determination
of the limits of detection (LOD) and limits of quantitation (LOQ).
The LODs and LOQs under the present UPLC–PDA conditions were
determined at a signal-to-noise ratio (S/N) of about 3 and 10,
respectively. The results are shown in Table 1.Table 1
Retention time, regression equation, correlation coefﬁcient, linearity range, LOD, LOQ, pre
Analyte TR
(min)
Regression
equation
R2 Linear
range
(lg/mL)
LO
(l
m
Dehydrotumulosic acid (1) 5.03 y = 63.30x  155.9 0.9998 13.2–515 1.
Tumulosic acid (2) 5.58 y = 16.19x + 490.8 0.998 43.5–
1450
5.
Polyporenic acid C (3) 7.21 y = 36.71x + 968.7 0.9995 13.1–515 1.
3-epi-dehydrotumulosic
acid (4)
8.41 y = 107.4x  225.2 0.9998 13.0–525 1.
Dehydropachymic acid (5) 12.1 y = 78.79x  154.5 0.9998 14.1–550 1.
Pachymic acid (6) 12.7 y = 12.99x + 210.6 1 71.2–738 9.
Dehydrotrametenolic acid
(7)
14.3 y = 34.60x + 751.2 0.9995 31.2–500 1.2.5.2. Precision, accuracy and repeatability
Intra- and inter-day variations were chosen to determine the
precision of the developed method. For intra-day variability test,
the mixed standards solution was analyzed for six replicates with-
in a day. For inter-day variability test, the measurement was con-
ducted two times per day for consecutive 3 days. Variations were
expressed by relative standard deviation (RSD).
In the absence of certiﬁed reference materials, the recovery was
used to evaluate the accuracy of the method. Known amounts of
seven standards were spiked into 0.1 g of sample 10 (CMED-
0019-10). The mixture was then exhaustively extracted as the
same procedures mentioned in Section 2.2 ‘‘Sample preparation’’
with 4 mL acetone for 3 times and analyzed for ﬁve replicates (Ta-
ble 1). The RSD values were calculated as measurement of method
repeatability.2.6. Chemometric data analysis
Principle component analysis (PCA) were performed by the
MarkerLynx application manager version 4.1 XS (Waters, Man-
chester, UK). The UPLC-QTOF-MS data of 40 P. cocos samples were
analyzed to identify potential discriminant variables. It was ini-
tially executed to study the relationship expressed in terms of sim-
ilarity or dissimilarity among groups of multivariate data. A
projection to latent structures by means of orthogonal partial least
squared discriminant analysis (OPLS-DA) was subsequently per-
formed to create a quality-prediction model.3. Results and discussion
3.1. Mass spectrum analysis of triterpenoids in P. cocos
For identiﬁcation of triterpenoids contained in the crude ex-
tracts of P. cocos samples, mass fragmentation with high resolution
mass spectrometry data provided valuable information. To accu-
mulate knowledge of the fragmentation processes of triterpenoids,
which have been reported as major constituents of P. cocos, refer-
ence standards of seven diterpenoids were measured by UPLC–
QTOF–MS. The MS data of the seven references and their major
product ions in MS/MS spectra are summarized in Supplementary
Table 1, and the structures of the reference compounds are pre-
sented in Fig. 1. All reference triterpenoids 1–7 produced abundant
[M–H] ions as the base peak in negative ESI-MS spectra, and the
compounds were divided into two groups according to their D8
and D7,9(11) skeletons and fragmentation patterns. Two charac-cision, repeatability and recovery for the seven standard triterpenoids.
D
g/
L)
LOQ
(lg/
mL)
Precision RSD (%) Repeatability
RSD (%)
(n = 3)
Spiked
amount
(lg)
Recovery ± RSD
(%) (n = 5)
Intra-
day
(n = 6)
Inter-
day
(n = 6)
43 4.29 2.58 1.51 4.87 51.5 99.5 ± 3.96
80 17.4 1.05 1.58 5.54 43.5 105 ± 1.89
43 4.29 5.14 3.41 5.96 12.9 107 ± 2.47
46 4.38 2.44 1.10 5.89 10.5 96.8 ± 8.28
52 4.58 2.86 1.42 6.12 19.8 101 ± 3.22
84 29.5 2.13 2.70 6.03 100 109 ± 1.28
39 4.17 2.52 1.24 / 100 100 ± 4.33
Table 2
Contents of seven reference triterpenoids in each sample (mg/g).
No. Sample code Source 1 2 3 4 5 6 7
1 CMED-0019-01 Yunnan 0.0869 NQ NQ 0.0538 0.154 0.730 NQ
2 CMED-0019-02 Hubei 0.486 0.332 0.216 0.113 0.445 1.91 NQ
3 CMED-0019-03 Anhui 0.539 0.407 0.220 0.0841 0.248 1.07 0.105
4 CMED-0019-04 Anhui 0.455 0.458 0.358 0.118 0.311 1.07 0.128
5 CMED-0019-05 Hubei 0.650 0.748 0.316 0.111 0.314 1.54 0.110
6 CMED-0019-06 Yunnan 0.554 0.581 0.276 0.110 0.321 1.72 NQ
7 CMED-0019-07 Yunnan 0.536 0.509 0.141 0.0876 0.231 0.92 NQ
8 CMED-0019-08 Hubei (GAP) 0.360 0.505 0.364 0.110 0.263 1.76 0.0257
9 CMED-0019-09 Hubei (GAP) 0.441 0.417 0.102 0.0741 0.195 0.75 NQ
10 CMED-0019-10 Hubei 0.536 0.486 0.122 0.0799 0.217 0.898 NQ
11 CMED-0019-11 Yunnan 0.267 0.309 0.217 0.0948 0.199 0.982 NQ
12 CMED-0019-12 Henan 0.278 0.234 0.0676 0.0906 0.284 1.50 NQ
13 CMED-0019-13 Yunnan 0.262 0.123 0.234 0.110 0.298 1.56 0.287
14 CMED-0019-14 Anhui 0.270 0.305 0.150 0.106 0.290 1.60 NQ
15 CMED-0019-15 Yunnan 0.177 NQ 0.179 0.0959 0.349 2.30 0.452
16 CMED-0019-16 Yunnan 0.359 0.265 0.488 0.130 0.349 2.34 0.802
17 CMED-0019-17 Yunnan 0.503 0.379 0.539 0.141 0.430 2.11 0.852
18 CMED-0019-18 Yunnan 0.303 0.402 0.337 0.116 0.333 1.79 NQ
19 CMED-0019-19 Yunnan 0.262 0.067 0.311 0.113 0.390 2.11 1.54
20 CMED-0019-20 Yunnan 0.289 0.292 0.127 0.0966 0.255 1.08 0.0414
21 CMED-0019-21 Yunnan 0.301 0.285 0.376 0.124 0.432 2.56 1.29
22 CMED-0019-22 Yunnan 0.241 0.483 0.191 0.113 0.399 2.19 NQ
23 CMED-0019-23 Yunnan 0.291 0.391 0.219 0.101 0.282 1.52 NQ
24 CMED-0019-24 Yunnan 0.255 0.297 0.145 0.103 0.377 2.14 NQ
25 CMED-0019-25 Yunnan 0.302 0.362 0.158 0.099 0.288 1.30 NQ
26 CMED-0019-26 Anhui 0.465 0.355 0.231 0.122 0.408 1.83 NQ
27 CMED-0019-27 Anhui 0.391 0.246 0.190 0.116 0.367 1.64 NQ
28 CMED-0019-28 Anhui 0.429 0.307 0.205 0.118 0.383 1.75 NQ
29 CMED-0019-29 Anhui 0.425 0.331 0.223 0.125 0.395 1.88 NQ
30 CMED-0019-30 Anhui 0.431 0.253 0.213 0.123 0.399 1.80 NQ
31 CMED-0019-31 Hunan 0.255 NQ NQ 0.0521 0.141 0.419 NQ
32 CMED-0019-32 Hubei 0.260 NQ NQ 0.043 0.128 0.268 NQ
33 CMED-0019-33 Anhui 0.559 0.428 0.283 0.113 0.369 1.74 NQ
34 CMED-0019-34 Yunnan 0.347 0.393 0.154 0.108 0.320 1.52 NQ
35 CMED-0019-35 Yunnan 0.177 NQ NQ 0.0567 0.126 0.422 NQ
36 CMED-0019-36 Guangxi 0.310 0.413 0.172 0.107 0.280 1.44 NQ
37 CMED-0019-37 Guangdong 0.105 NQ NQ 0.0393 0.0906 0.244 NQ
38 CMED-0019-38 Guangdong 0.160 0.0721 NQ 0.0637 0.138 0.565 NQ
39 CMED-0019-39 Sichuan 0.159 NQ NQ 0.0570 0.134 0.495 NQ
40 CMED-0019-40 Guangdong 0.144 NQ NQ 0.0609 0.131 0.568 NQ
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spectra. The ﬁrst was the successive loss of water and CO2 to pro-
duce the product ion of [M–H-62]. Another diagnostic fragmenta-
tion was the Retro-Diels–Alder rearrangement, which occurred at
the double bond D8 or at the double bond D7,9(11), resulted in
cleavage of B-ring.
Group 1, the D7,9(11) compounds including dehydrotumulosic
acid (1), polyporenic acid C (3), 3-epi-dehydrotumulosic acid (4),
dehydropachymic acid (5) and dehydrotrametenolic acid (7), pre-
sented competitive losses of H2O, CO, and CO2. The MS/MS product
ions obtained from the [MH] ion atm/z 483 of compound 1 gave
two of the most abundant product ions m/z 437 and 421, with the
former corresponding to the cleavage of side chain with the losses
of CO and H2O, and the latter resulting from neutral losses of water
and CO2. Further fragmentation of the precursor ion at m/z 421
leads to the formation of ions with m/z 335, 309 and 299, corre-
sponding to cleavage of A-ring, side chain at C-17 and cleavage
of B-ring through Retro-Diels–Alder rearrangement at the double
bond C7–C8, respectively. Two other minor product ions at m/z
387 and 273 were formed through cleavage of side chain at C-20
and cleavage of D-ring, respectively.
Group 2 includes tumulosic acid (2) and pachymic acid (6), they
yielded a characteristic fragment ion corresponding to [M–H-62]
in the tandem mass spectra, which corresponding to the neutral
losses of CO2 and water. In the MS/MS spectra of tumulosic acid
(2), the most abundant product ion at m/z 423 [M–H-62] was ob-
served. Further fragmentation gave rise to the product ions at m/z
405, 355, 337, 311, 273 and 219, respectively, corresponding toloss of water, cleavage of A-ring, side chain at C-20, cleavage of
D-ring, and cleavage of B-ring through Retro-Diels–Alder rear-
rangement at the double bond C8–C9. The MS/MS fragmentation
of reference triterpenoids 1–7 can be found in Supplementary
Fig. 1.3.2. Exact mass neutral-loss approach
The triterpenoids analogs of P. cocos are known to fragment via
the losses of CO2 and H2O in negative MS/MS. This phenomenon
may be exploited to allow highly selective detection of these com-
pounds by tandem mass spectrometry in neutral-loss scanning
mode. The exact neutral-loss method was set up by searching for
the characteristic neutral-loss of 62.0004 from the survey modes.
In the ﬁrst survey mode, cone voltage was 45 V and CE was 5 V,
in this MS condition, the mass spectrum showed only molecular
precursors. When the CE was 30 V and the cone voltage was
ramped from 45 V to 100 V for the second survey mode, the frag-
ment ions could be generated from the precursors of the ﬁrst sur-
vey mode. The spectra of the high energy survey mode were
examined by the mass spectrometer for the presence of the prede-
ﬁned neutral-loss of 62.0004. When the predeﬁned neutral-loss
was detected, the instrument automatically switched to MS/MS
mode to conﬁrm the precursors of the neutral-loss. If conﬁrmed,
the QTOF could remain in MS/MS mode to acquire adequate se-
quence data before reverting to acquisition of alternate spectra in
the two survey modes.
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ﬁes chromatographic analysis and facilitates tentative compound
identiﬁcation utilizing UPLC chromatographic elution order. This
approach was then applied to the analysis of 40 batches of P. cocos.
Fig. 2 shows a representative neutral-loss chromatogram of P. cocos
sample CMED-0019-19 obtained with UPLC-QTOF-MS. The total
ion chromatograms (TIC) for the lower and higher CE data are
shown in Fig. 2B and A, respectively. The MS chromatograms trig-
gered by the characteristic neutral-loss of 62.0004 (Fig. 2A) clearly
shows, as expected that only tandem mass spectrum acquired dur-
ing the chromatographic separation with exact mass neutral-loss
of 62.0004 was registered. In contrast, when the common LC–MS
approach was performed on the same samples, matrices inﬂuenced
the identiﬁcation of triterpenoids in P. cocos (Fig. 2A and B). Hence,
the exact mass neutral-loss scan approaches simplify the identiﬁ-
cation of triterpenoids from the LC–MS chromatograms.
3.2.1. Mass spectrometry analysis of the components in P. cocos
samples
The established exact mass neutral-loss approach, performed in
negative mode, was utilized to determine the triterpenoid constit-
uents in 40 batches of P. cocos. The fragmentation rules of the stan-
dard triterpenoids (1–7) were used to characterize similar
structures from the crude extracts. By extracting the precursor
and characteristic neutral loss and fragment ions, possible struc-
ture of the detected triterpenoids could be tentatively identiﬁed.
Upon obtaining the data from MS and MS/MS analysis, a total of
31 triterpenoids were detected in 40 batches of P. cocos samples.
Triterpenoids at the retention time of 5.06, 5.59, 7.14, 8.33,
12.03, 12.63 and 14.21 min were unequivocally identiﬁed to be ref-
erence compounds 1, 2, 3, 4, 5, 6 and 7, respectively. Others were
tentatively identiﬁed via comparisons with the reference com-
pounds or matching the empirical molecular formulae with those
of the published compounds of P. cocos by searching in databases,
such as PubMed of the U.S. National Library Medicine and the Na-
tional Institutes of Health, SciFinder scolar of American Chemical
Society, Chinese National Knowledge Infrastructure (CNKI) ofFig. 2. (A) Neutral-loss chromatogram, (B) TIC for low CE and (C) TIC for high CE of P.
triterpenoids. Peaks 3, 4, 7, 9, 12, 13 and 14 were identiﬁed as reference standards 1–7, an
with that of compounds 4, 6, 13, 14, 18, 20, 23, 29, 30 and 31 of Supplementary Table 2Tsinghua University and ChemSpider database. When several
empirical molecular formulae matched the same formula, those
isomeric compounds previously reported from P. cocos would be
preferentially selected as the putative ones. All the triterpenoids
identiﬁed in P. cocos samples are presented in Supplementary
Table 2.3.3. Quantiﬁcation of triterpenoids
3.3.1. Validation of method
The linearity, regression, and linear ranges of seven analytes
were determined using the developed UPLC–PDA–QTOF–MS meth-
od (Table 1). The correlation coefﬁcient values (r > 0.998) indicated
appropriate correlations between the investigated compound con-
centrations and their peak area within the test ranges. The LOD and
LOQ were less than 9.84 and 29.52 lg/mL (Table 1). The overall in-
tra- and inter-day variations (RSD) of the 7 analytes were less than
3.14% and 5.14%, respectively (Table 1). The developed method had
good accuracy and repeatability, with the recoveries being in the
range of 96.78–108.94% (RSD < 8.28%) (Table 1).3.3.2. Quantiﬁcation results
The high precision and accuracy of the optimized UPLC–PDA–
QTOF–MS method was then applied to the simultaneous quantiﬁ-
cation of seven main triterpenoids in 40 samples of P. cocos. The re-
sults obtained as shown in Table 2 showed that the content of
pachimic acid (6) was highest in all P. cocos samples, and the con-
tents of dehydrotumulosic acid (1), tumulosic acid (2), polyporenic
acid C (3), 3-epi-dehydrotumulosic acid (4), dehydropachymic acid
(5) were moderate in most P. cocos samples, while the content of
dehydrotrametenolic acid (7) varied greatly and only contained
in some P. cocos samples. In general, there was an obvious variation
in the content of the investigated triterpenoids in the 40 P. cocos
samples among different geographic resources, which may be
responsible for their qualities and bitterness.cocos sample CMED-0019-19 obtained with UPLC–QTOF–MS. *Represents standard
d the tentatively identiﬁcation of peaks 1, 2, 5, 6, 8, 11, 15, 16 and 17 were the same
.
Fig. 3. Score plot generated from PCA of UPLC–QTOF–MS spectra of 40 P. cocos samples from different origins (numbers on the scatter plot represent the sample numbers (see
Table 2)).
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PCA is an unsupervised clustering method requiring little prior
knowledge of the data set and acts to reduce the dimensionality of
multivariate data without losing important information. The PCA
classiﬁcation using original data obtained from the full chromato-
gram of ﬁngerprints was applied to evaluate the relationship be-
tween P. cocos samples and their origins. With eight principle
components, explaining 85.0% of variation of data, it was found
that some origins were grouped separately along PC axis. PCA
scores plot was achieved using mean-centered, par-scaled data.
Fig. 3 showed the PCA score plot of 40 P. cocos samples from dif-
ferent origins. A clear separation of the three different groups was
observed in the PCA scores plot where each coordinate represents
different origins. Most of the P. cocos samples (CMED-0019-13, 16,
17, 19 and 21) from Yunnan Province were clustered along the neg-
ative side of PC1, while those from Guangdong Province (samples
CMED-0019-37, 38 and 40) and Anhui Province (samples CMED-
0019-26, 27, 28 and 29) were gathered more at the positive region.
This suggested that there were differences in metabolites proﬁling
of P. cocos samples through a variety of product quality according
to their origins. P. cocos samples from a wide variety of origins
(Guangdong, Guangxi, Yunnan, Hubei, Henan, and Anhui) wereTable 3
Identiﬁcation of the marker compounds in 40 P. cocos samples.
No. RT (min) [M–H] VIP (groups 1 and 2) VIP (groups 2 and 3) VIP
1 4.37 483.3110 11.1 7.35 –
2 5.06 483.3425 11.1 10.3 9.42
3 5.56 485.3574 9.64 10.5 11.6
4 5.74 497.3225 8.11 11.3 11.4
5 5.74 453.3339 - 8.61 6.35
6 11.52 513.3549 12.7 5.46 6.32
7 12.10 525.3513 11.4 11.3 11.4
8 12.71 527.3595 2.47 12.5 14.2
9 14.27 453.3339 9.81 – –
10 15.59 467.3497 – 9.33 10.4cluttered in groups 1 (sample No. 1, 4, 8, 11, 12, 14, 18, 20, 34,
35, 36, 37, 38 and 40) and 2 (sample No. 2, 3, 5,6, 7, 9, 10, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33 and 39), which indicated that,
within each group, the quality of P. cocos samples from these ori-
gins are relatively stable and exhibited only slight variations in
terms of the content of triterpenoids. Most of the P. cocos samples
collected from Yunnan Providence were cluttered in group 3 (sam-
ple No. 13, 15, 16, 17, 19, 21), and some of them distributed dis-
persedly in groups 1 and 2. The result indicated that the qualities
of most of the P. cocos samples from Yunnan are stable. The same
trend is observed on P. cocos samples from Anhui, which gathered
more at the positive region of the PCA score plot, and some individ-
ual samples from the same origin distributed dispersedly. The dis-
persed distribution of some of the P. cocos samples from the same
origin might be caused by the differences of the speciﬁc environ-
ment of growth such as climatic condition, elevation, and soil envi-
ronment which needs to be further investigated.
3.5. Tentative marker assignment
Though the PCA results indicated differences in triterpenoid
constituents between three groups of the forty batches of P. cocos
samples, not all the chemical markers that contributed greatly to(groups 1 and 3) Identiﬁcation
Poricoic acid B/16a-hydroxyeburiconic acid
Dehydrotumulosic acid (1)
Tumulosic acid (2)
Poricoic acid A/Poricoic acid BM/25-hydroxyporicoic acid C
Unknown
Poricoic acid D/Poricoicacid F/Poricoic acid HM
Dehydropachymic acid (5)
Pachymic acid (6)
Dehydrotrametenolic acid (7)
Dehydroeburicoic acid/16-deoxyporicoic acid B
Fig. 4. Selected ion intensity trend plots of groups 1, 2 and 3 samples. Ion A (RT 5.03 min, m/z 483.3424, compound 1); ion B (RT 5.58 min, m/z 485.3566, compound 2);
ion C (RT 12.71,m/z 527.3595, compound 5); ion D (RT 12.74 min,m/z 527.3609, compound 6); ion E (RT 14.29 min, m/z 453.3326, compound 7). h: group 1; }: group 2; 4:
group 3.
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uting most to the difference between these groups, a supervised
OPLS-DA was applied to explore the potential chemical markers.
A list of marker ions of interest was therefore obtained from the
OPLS-DA variable inﬂuence on projection (VIP) plot. VIP plots of
groups 1 and 2, groups 2 and 3, and groups 1 and 3 can be found
in Supplementary Figs. 2–4. These ﬁgures summarized the obser-
vations made from the score and loading plots by showing the rel-
ative importance of each included variable in the analysis. The VIP
values reﬂect the importance of the terms in the model both with
respect to Y, i.e., its correlation to all the responses, and with re-
spect to X (the projection).
According to the VIP plot, triterpenoids that play key roles in
differentiating the P. cocos samples of different origins were ob-
tained. Identiﬁcation of these compounds was performed based
on the same method of that described in Section 3.3.2. Between
groups 1 and 2, the compounds at RT 11.52, 11.15, 4.37, 5.06,
14.27, 5.99 and 4.17 min were found to be the representative com-
pound that contributed most to their difference, and between
groups 2 and 3, the signiﬁcant contributors were compounds at
RT 12.71, 5.74, 12.10, 5.56, 5.06, 15.59 and 5.74 min. For groups
1 and 3, compounds at RT 12.71, 5.56, 12.1, 5.74, 15.59 and 5.06
were representative ones for the differentiating of these two
groups. The markers that exhibit a high importance in the variation
of the P. cocos qualities were summarized and around ten domi-
nant compounds far from the eighth quadrant of the VIP plot were
found, suggesting that these components exhibit a high impor-
tance in the variation of the P. cocos qualities. The unambiguous
or tentative identiﬁcation of these markers can be found in Table 3.
Among these markers, compounds dehydrotumulosic acid (1),
tumulosic acid (2), dehydropachymic acid (5), pachymic acid (6),
and dehydrotrametenolic acid (7) were unequivocally identiﬁed
by comparison with reference standards. The MS intensity trends
of the unequivocally identiﬁed markers in the tested samples areprovided in Fig. 4. Ion A (RT 5.03 min, m/z 483.3424, compound
1), B (RT 5.58 min, m/z 485.3566, compound 2), C (RT 12.71, m/z
527.3595, compound 5) and D (RT 12.74 min, m/z 527.3609, com-
pound 6) exhibited relatively high intensities in all samples of
groups 1 and 2 but were detected in more lower intensities in
the samples of group 3. The intensity of ion E (RT 14.29 min, m/z
453.3326, compound 7) varied greatly in the P. cocos samples.
Ion E exhibited high intensity in all P. cocos samples of group 3
but was undetectable or exhibited relatively low intensity in most
of the samples of groups 1 and 2. The trends of the 5 markers are
similar between the samples of groups 1 and 2, however, are quite
different between groups 1 and 3, and groups 2 and 3. The ob-
served trends of the 5 identiﬁed markers may help understanding
the clustering of the samples from different origins. In addition,
being reported to possess interesting bioactivities (Gapter et al.,
2005; Kang et al., 2006; Sato et al., 2002; Zhou et al., 2008), these
5 markers can be used as good reference compounds for quality
control of P. cocos.
4. Conclusion
In this study, a comprehensive UPLC–PDA–QTOF–MS method
was developed to study the triterpenoids in P. cocos samples. The
exact mass neutral-loss based approach was able to simulta-
neously analyze known and unknown triterpenoids in P. cocos, as
well as to reduce the interference of other compositions. The estab-
lished method was validated to be sensitive, precise and accurate.
The developed method was applied to analyze 40 batches of P. co-
cos samples. A total of 31 triterpenoids were separated within
18 min, and were unequivocally or tentatively identiﬁed via com-
parisons with authentic standards and literature investigation. In
addition, this method has also been successfully applied to the
quantitative determination of seven main triterpenoids in these
P. cocos samples. The results showed that there were high contents
244 B. Xia et al. / Food Chemistry 152 (2014) 237–244of triterpenoids with variation in P. cocos samples. A clear separa-
tion of three region groups was observed in the PCA scores plot and
ten triterpenoids that play key roles in differentiating the P. cocos
samples of different origins were unequivocally or tentatively
identiﬁed, which can be used as markers for origin identiﬁcation
and authenticity establishment of P. cocos. The developed method
provided a convenient approach which might be applied for rapid
bitterness evaluation, quality control and authenticity establish-
ment of P. cocos.
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